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(£) Method and apparatus for screen printing. 
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@ A screen printer is provided with a printing 
table for setting an object to be printed, a 
screen, and a squeegee. The squeegee is ar- 
ranged on the object to be printed, which is set 
on the printing table through the screen, and 
depending on the patterns set on the screen, 
ink patterns are formed on the object to be 
printed by allowing the squeegee to travel in a 
state that it is in contact with ink. This screen 
printer comprises means for applying externa] 
force which is movably arranged with respect to 
the screen, and is capable of applying an exter- 
nal force in the direction of offsetting the adhe- 
sive strength of ink between the screen and the 
object to be printed. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a screen printer, a screen printing method, a method for manufacturing 
an image formation apparatus, and an image formation apparatus obtainable by use of such method for man- 
ufacturing the apparatus. 

Related Background Art 

The screen printing technologies and techniques are widely used at present in the fields of graphic printing, 
electronics, and the like. 

In conjunction with Figs. 14 and 15, the outline of screen printing will be described as follows: 

In Figs. 14 and 15, a reference numeral 2 designates a screen frame; 3. a screen; 7, a squeegee; 16, an 
object to be printed; 17, a pressed portion on the screen; 18. screen patterns; 19, ink patterns; 20 ink; 24; ten- 
sion; and 23, gap. The screen 3 is formed by removing the screen patterns 18 in order to discharge ink 20 onto 
the resin film which is formed on the meshes made by stainless steel or other materials. The screen is tensioned 
on the screen frame 2 by the application of a given tensility. 

The printing is executed in the procedures given below. After a given gap 23 is set between the screen 
frame 2 (that is the surface of the screen 3) and the object 16 to be printed, the paste-like ink 20 is placed on 
the screen 3. Then, while giving pressure to the squeegee 7 made of resin or the like, the ink is removed (that 
is the squeegee is caused to travel in the direction indicated by an arrow in Fig. 14 and Fig. 1 5). At this juncture, 
depending on the pressure to be exerted, the ink 20 is discharged onto the object 16 to be printed through the 
patterns 1 8. Also, the screen 3 is caused to part it from the object to be printed by the restoring force derived 
from the vertical component of the tension 24 given by the pressed portion 17 on the screen. Thus ink 20 is 
leaving desired ink patterns 19 formed on the object 16 to be printed. 

However, the following problems are encountered in the conventional screen printing method. 

Fig. 1 6 is a cross-sectional view schematically showing a screen portion which is in a state where a squee- 
gee is being pressed for a screen printing. In Fig. 16, a reference numeral 3 designates a screen; 7, a squeegee; 
16, an object to be printed; 17, a pressed portion on the screen; 24, tension, and 22, adhesive strength. In Fig. 
16, the squeegee 7 is scanned from right to left. 

The tension 21 of the screen 3 and the adhesive strength 22 of ink (not shown) between the screen 3 and 
the object 16 to be printed are applied to a portion 17 on the screen to be pressed immediately after the squee- 
gee 7 is caused to scan. If this adhesive strength 22 is greater than the vertical component of the tension 21 , 
the pressed portion 17 on the screen is unable to immediately part from the object 16 to be printed after the 
screen 3 has been scanned, and forced to remain as it is for a certain period. This defective screen separation 
brings about ink splashes around the patterns thus formed and leads to creating pattern peeling. When an 
electric circuit such as wiring is printed on a printed circuit board, such pattern peelings may cause wire break- 
age, short circuit, or other defects in some cases. 

Also, as a kind of the screen printing method, a contact printing (non snap-off) is in practice. The contact 
printing (non snap-off) is such that the surface of screen is entirely in contact with an object to be printed. Print- 
ing patterns should be formed on it (that is, with its gap = 0), hence requiring the squeegee to travel for printing 
in such a state. 

In the conventional contact printing (non snap-off) method, too, there is a problem of defective screen sep- 
aration as in the case of the screen printing method generally adopted. Fig. 17 is a view which shows a state 
where the screen is separated after the squeegee is allowed to travelin a contact printing. In Fig. 17,areference 
numeral 3 designates a screen; 90, a portion where separation occurs; 17, an object to be printed; 24, tension; 
and 22, adhesive strength. 

When the screen 3 and the object 17 to be printed are caused to part from each other in a contact pnnting, 
the forces exerted on the separating portion are those of the tension 21 provided by the screen 3 and the ad- 
hesive strength 22 given by ink (not shown). In the separating portion 90, the vertical component of the adhe- 
sive strength 22 becomes greater than the tension 21 of the screen 3 at the time of making a specific angle 
for the screen 3 and the object 1 7 to be printed. In this way, it is possible to allow the screen separating portion 
90 to part from the circumference of the object to be printed toward the central part thereof as the separation 
from the object 17 to be printed advances. Therefore, the screen separation takes place beginning at the cir- 
cumference of the object to be printed, and the separation in the central part occurs last. Because of this uneven 
screen separation within the plane of the object to be printed, there are some cases where ink splashing is 
caused in the circumference of the patterns, resulting in wire breakage and short circuit caused by separation 
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of the pattern, or other patterning defects. 

Now, in Japanese Patent Laid-Open Application 4-347636, a screen printer is disclosed, wherein the 
screen is being separated from an object to be printed while exerting fine, high frequency vibrations on the 
screen when it is separated from the printed objected. In accordance with this Laid-Open application, it is as- 
5 sumed that paste can easily be removed from print 

However, there is a tendency that vibrations are not propagated sufficiently to the screen due to the resin 
film even if vibrations are exerted on the frame in such a state as described above, because the circumference 
of the screen is usually fixed to the screen frame by the tension exerted by the flexible resin film. Particularly, 
the propagation of the vibration becomes insufficient in the region where the patterns are present. Therefore, 
10 it is still difficult to effectuate the required separation satisfactorily. In order to promote the separation, the 
intensity of vibration should be enhanced, but this enhancement results in the degradation of the precision in 
which the contour of patterns should be transferred. As a result, a problem is created anew that although the 
separation can be promoted, the desired contour of patterns cannot be obtained. As described above, the meth- 
od whereby to give vibrations to the screen frame is not necessarily satisfactory in consideration of the fact 
is that the desirable separation should be achieve, while maintaining the precision required for transferring the 
printing patterns in a good condition at a time. It is also conceivable that vibrations are given not only to the 
screen frame, but also given directly to the screen itself, but the same problem still remains unsolved with re- 
spect to the promotion of the separation and the maintenance of precise pattern transfer. 

It is a concern of the present invention to provide a screen printer and a screen printing method for which 
20 the technical problems described above are solved. 

It is another concern of the invention to provide a screen printer and a screen printing method capable of 
executing stable and uniform printing in the entire area of screen patterns as compared to the conventional 
printer and method. 

It is still another concern of the invention to provide a method for manufacturing an image forming appa- 

25 ratus using the screen printing method of the present invention, and an image formation apparatus obtainable 
by use of such method of manufacture. 

In accordance with an embodiment of the present invention, a screen printer is of such a structure as given 
below. In this embodiment, the screen printer comprises a printing table to set an object to be printed on it, a 
screen, and a squeegee, and then, through.the screen, the squeegee is arranged on the object to be printed 

30 placed on the printing table; thus, depending on the patterns provided for the screen, ink patterns are formed 
on the object to be printed by allowing the squeegee to move while the squeegee and ink are in contact with 
each other. This screen printer is further provided with means for applying external force movably arranged 
with respect to the screen and, also, capable of exerting the external force in the direction of offsetting the 
adhesive strength of ink between the screen and the object to be printed. 

35 In accordance with an aspect of the present invention, a screen printing method is to arrange a squeegee 
on an object to be printed through a screen, and form ink patterns on the object to be printed, depending on 
the patterns provided for the screen, while allowing the squeegee to travel in a state where it is in contact with 
ink. This method comprises the steps of forming the ink patterns by allowing the squeegee to travel, and of 
applying an external force to enable the screen to be separated from the object to be printed by means for 

40 applying external force arranged in a position which is shif table with respect to the screen. 

Therefore, it is possible to achieve the concerns described above by the provision of a screen printer and 
screen printing method structured as above in accordance with the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a view which schematically shows a screen printer having means for applying external force (sep- 
aration means) by suction in accordance with the present invention. 

Fig. 2 is a side view which shows the suction port connected to means for applying external force (sepa- 
ration means) by suction arranged for a screen printer provided with such suction means. 
so Fig. 3 is a view which schematically shows a screen printer having means for applying external force (sep- 

aration means) formed by a rigid element in accordance with the present invention. 

Fig. 4 is a cross-sectional view which shows the vicinity of the squeegee traveling portion of a screen printer 
having means for applying external force (separation means) by use of a rigid element 

Fig. 5 is a cross-sectional view which shows a screen printer having means for applying external force (sep- 
55 aration means) by use of a magnet arranged behind the squeegee. 

Figs. 6A and 6B are plan views which schematically show a position for providing external force in a printing 
method which uses a printer of the present invention. 

Fig. 7 is a sectional view of Fig. 6A along a line of 7-7. 
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Fig. 8 is a view which schematically shows a screen printer capable of executing < »""^ 
which is provided with rails movable in parallel within the plane of the screen as movable magnetic means. 

Fig 9 Ta view^wnfeh schematically shows a screen printer capable of executing contact screen pnnting. 
whlCvK^ 

Fig. 10 is a view which schematically shows a screen printer having a means for rotative applying external 

^ v'iewwhich schematically shows a screen printer capable of ^^^^SSSSi 
which is provided with means for rotating a magnetic plate around the vert.cal shaft wrth.n the plane of the 
screen as movable magnetic means. ^.oiinnhmAetartmn 

Figs. 12Aand 12B are a plan view and a cross-sectional viewshow.ng a surface conduction type electron 
emitting element which uses electron source. 

Figs 13Ato 13E are a plan view which shows the surface conduction type electron emitting element usmg 
an electron source, and its wWng formed in matrix, and a view which schematically shows the steps of man- 
ufacturing an electron source. , .. ,„„,„„ 

Fig. 14 is a perspective view which schematically shows the squeegee scanning of a convenhonal screen 

Pnnt Flg 15 is a cross-sectional view which schematically shows a conventional screen printer. 

Fig. 16 is a cross-sectional view which schematically shows the portion pressed by a squeegee when it 
scans in a conventional screen printer. 

Fig. 17 is a view which schematically shows-the principle of screen pnnting. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Thescreen printerand screen printing method of the present invention are structured as described above. 
In a screen printer of the present invention, means for applying external force, which is movable with re- 
spect to the screen, includes those means of a type which is movable by being interlocked with the squeegee; 
of a type which is movable substantially in parallel with the plane of the screen; of a type which is movable „ 
the direction substantially perpendicular to the plane of the screen; of a type which .si 
around a shaft perpendicularto the plane of the screen; ofatype which is rotative around a shaft substantially 
in parallel with the plane of the screen; and of a type which is rotative by use of hinges. 

In a screen printing method of the present invention, the position shiftable with respect to the screen in- 
cludes the position which is shiftable by being interlocked with the traveling squeegee; the pos. whjch « 
shiftable substantially in parallel with the plane of the screen; the position wh lC h is sh.ftable m the directon 
substantially perpendicular to the plane of the screen; the position which is rotative around the shaf t substan- 
tially perpendicular to the plane of the screen; the position which is rotative around the shaft substantially in 
parallel with the plane of the screen; and the position which is rotative by use of hinges. 

In accordance with the present invention, it is possible to offset the adhesive strength created between 
the screen and the object to be printed in an optimal state by use of means for applying external force which 
is movable with respect to the screen; thus obtaining an extremely fine separation and a good precision in which 
the printing patterns are transferred. ^.^h^ 
Hereinafter, with reference to the accompanying drawings, the present invention will be descnbed 
Fig. 1 to Fig. 11 are views schematically showing one example of a screen printer in accordance with the 
present invention, respectively. . „„„„, >aK i<. 

Fig. 1 . Fig. 2, and Fig. 6 illustrate a screen printer whose means for applying external force is executable 
by means for providing suction. os „„„ 
In Figs. 1. 2. and 6. a reference numeral 1 designates a printer frame; 2. a screen frame; and 3, a screen 
(or a mask). The screen frame 2 is fixed to the screen frame fixture (not shown) of the pnnterframe 1. pref- 
erence numeral 4 designates a suction port; 5. means for setting the position of the suction port; 6. an exhaust 
pipe which is connected to means for providing suction such as a vacuum pump (not shown); 7. a *J"eegee; 
S. means for setting the squeegee height 9. a head; and 10, a head rail. The head 9 can t^™**** 
rail 10 by means of a driving mechanism such as a motor (not shown). A reference numeral 11 designs tes a 
head rail fixture, and 12. a table to fix an object (not shown) to be printed. Also, the gap between the table 12 
and the screen 3 is set by means for setting the table position which is not shown. Both the means for setting 
the suction port position and means for setting the squeegee position (not shown) being installed on fte heed 
9 the suction port 4 is interlocked with the squeegee to scan along the scanning of the squeegee 7 With the 
arrangement of the suction port interlocked with the squeegee, the external force is being given to the screen 
stably so that the printing patterns are transferred in a good precision in the entire area of the screen patterns 
Also by means 5 for setting the suction port position, the angle and distance of the suction port 4 can be set 
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arbitrarily with respect to the screen 3. Therefore, it is possible to achieve the desired separation without suck- 
ing the screen when the squeegee 7 scans if only an appropriate suction speed is set Also, by arranging 
grooves or the like on the leading end of the suction port or a member (a gap adjustment member) with air 
passages, being capable of maintaining a specific gap on the leading end of the suction port, it is possible to 

s provide the screen with such a specific external force constantly; hence obtaining a further enhancement of 
the desired precision in which the patterns can be transferred. 

Fig. 3 and Fig. 4 are a perspective view showing a printer which uses a rigid element as means for applying 
external force and executes the screen separation by the application of its mechanical force (resistance), and 
a cross-sectional view showing the vicinity of the scanning portion of the squeegee. In Figs. 3 and 4, a reference 

w numeral 13 designates a member formed by a rigid element used for executing the separation; 14, a supporting 
member for use of separation; 15, a connecting member; and 16, an object to be printed. The member 13 for 
executing the separation is inserted between the object to be printed 16 and the screen 3. in this case, when 
the member 13 for executing the separation is used, the patterns should not be damaged under any circum- 
stances after the squeegee has scanned. The surface of the screen should be separated uniformly. To this 

15 end, it is preferable to arrange the member 13 for executing the separation on two locations with the scanning 
area between them. A member 13 for executing the separation of the kind is integrally formed with the head 
together with the squeegee so that it is interlocked with the squeegee 7 by means of a connecting member 
1 5. Or if not integrated, there should be provided means for driving the rigid element to scan so that the member 
for executing the separation can travel at the same speed as the scanning squeegee, thus making it possible 

20 to interlock the member with the scanning squeegee. Also, in order to avoid any damage to the screen, the 
leading end of the rigid element is provided with a curvature and covered with polymer such as Teflon con- 
taining fluorine. It is desirable to arrange the member in a state substantially in parallel with an object to be 
printed. 

Fig. 5 is a cross-sectional view which shows the principal part of a printer when a magnet is used for proving 
25 an external force. 

In Fig. 5, a reference numeral 27 designates a magnet for use of adsorbing the screen; 28, a supporting 
member for the magnet 27; 29, means for setting the height of the magnet; 7, a squeegee; 30, a supporting 
member for the squeegee; 8, means for setting the height of the squeegee; 9, a head; 2, a screen frame; 3, a 
screen; 16, an object to be printed; 12, a table; and 20, ink. The member 28 for supporting the magnet is fixed 

30 to the head 9 together with the member 30 for supporting the squeegee. Therefore, the magnet for sucking 
the screen is allowed to scan together with the scanning squeegee 7. In this way, it is possible to enhance the 
precision in which the patterns are transferred because an external force is exerted on the screen constantly. 

The magnet 27 for adsorbing the screen is fixed to the magnet supporting member 28 so that it can be 
installed at an arbitrary angle to the surface of the table 12. Further, the magnet 27 for adsorbing the screen 

35 can be set by the means 29 for setting the height of the magnet at an arbitrary height from the table 12. With 
the structure described above, the magnet 27 for adsorbing the screen can be set at an angle in a distance to 
the squeegee arbitrarily. Thus it is made possible to execute the separation without any touch or contact with 
the screen when the squeegee scans if only a magnet of an appropriate magnetic force is selected. In this 
case, if an electromagnet is used as the magnet, the printing operativity can be enhanced because its magnetic 

40 force can be selected arbitrarily or it can be made zero. Also, if the magnet 27 for adsorbing the screen is made 
greater than the width of the squeegee (the length in the direction perpendicular to the plane of Fig. 5), it is 
possible to attract by the magnetic force all the area scanned by the squeegee. The press-in amount of the 
squeegee 7 can be set arbitrarily through the squeegee supporting member 30 by use of the means 8 for setting 
the height of the squeegee. In this respect, the patterns are formed when the squeegee scans from right to 

45 left in Fig. 5. 

As described above, the state of separation can be improved by the provision of the external force. Also, 
it is possible to enhance it more by selecting the meshes formed by stainless steel for use of the screen. If the 
mesh size is small, while its wire diameter is large, ink cannot pass the screen to be used in a good condition. 
As a result, when wiring is formed, its breakage takes place among other defects. There is encountered a prob- 

50 lem, particularly when a highly precise fine wiring is formed in matrix for a flat type display having an area of 
as large as 40 inches or more. It is preferable to adopt 300 meshes or more, and 20 urn or less for wire diameter, 
respectively, for the mesh size and the diameter of wires to be used for a screen adopted for this purpose. 
Particularly, for the formation of a highly precise pattern, it is preferable to adopt a stainless screen of 350 
meshes or more having its wire diameter of 16 um or less. 

55 Now, in conjunction with Fig. 5 and Fig. 6, the description will be made of a printing method in accordance 

with the present invention. 

Both Fig. 6A and 6B are plan views which represent the vicinity of a squeegee when it scans. Fig. 6A il- 
lustrates a case where the external force is a suction or mechanical force that may affect the printing patterns. 
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Fig 6B illustrates a casa where the external force is a magnetic force or the l.ke whose .nfluence ^exerted on 
ink is extremely small or none. In this respect Fig. 7 is a cross-sectional view taken along line 7-7 in Fig. 6^ 
In Figs 6Aand 6B the squeegee scans in the direction indicated by arrows. Here a reference numeral 3 
desianates a screen- 7 a squeegee; 16, an object to be printed; 24, tension; 25, adhesive strength; 104-1 
ad 104 2 portions where the externa, force is applied, the externa, force being exerted in the dmtantf 
offsetting me adhesive strength between the screen and the object to be printed when the squeegee ^scans, 
105. the portion which illustrates schematically a defecuve screen separation. which « brought^ a bout by the 
conventional defective screen separation; and 26. an external force. The defective port™ 105 of the conven- 
iona^ 

eo. This is duetothefactthattheadhesive strength 25 of ink exerted on *e screens greater than the vertto^ 
componentof tension given to the screen with respect to the planeof the scree^ 
2 where the external force is applied are behind the traveling squeegee, and also, close to the squeegee but 
ff fhe a P led Semal force is a mechanical force such as created by suction or by a rigid element, the portion 
1 04-1 should not be allowed under any circumstances to include any area where the squeegee scans or he 
screen patterns are formed, .n contrast, when the external force is a magnetic force or the hke^he portion 
1 0^2 should preferably cover the area where the squeegee scans. The difference between the cases repre- 
sented in Rg.6A and Fig. 6B is that in Fig. 6A. the external force is suction or the like, and tt . • .mposs.bte , to 
Ssfele patterns in agood condition if the external force is exerted in the area of the screen for the pnnt ng 
pTten^S 

EEmS. external force is a magnetic force or the ,ike which rerely affects 

it possible to provide a large area for the sufficient application of the external force m a des.rable condrtion. 

The portion where the external force is applied can shift on the screen along with the scanning 1 squeegee- 
Therefore as shown in Fig. 7, an arrangement is made to shift it by being interlocked w.th the scanning *qu»- 
JeSmalininga^tant distance t^^m^^^^^^^ 
app led In this way, to the portion 104-1 or 104-2, where the external force is applied, it is poss ble to apply 
S?£L foe. 26 working in the dfrection of offsetting the adhesive strength 25 Thus the vertica I compo- 
nent of the tension given to the screen can be uniformly compensated with respect to the plane of he c*,en 
so as to make the screen separation better, and the pattern formation more stable and uniform at the same 

time For the screen printing method of the present invention, it is possible to adopt any means as means for 
applying the external force which can promote the screen separation if only such means does not exert any 
Influences that may damage ink patterns or screen. Also, it may be possible to arrange means for applying 
^lernalfo^ 

966 Now, in conjunction with the accompanying drawings, the description will be made of a contact printing 
method in accordance with the present invention. ,^ r> ^h,.| U 

Fig 8 to Fig. 11 are views which represent contact screen printers of the present invention, respectively. 

In Fig. 8, a reference numeral 1 designates a printerframe; 2, a screen frame; and 3, a screen formed by 

TrS s^eenlrame 2 is fixed to the screen frame fixture (not shown) of the printerframe 1. preference 
numeral 7 designates a squeegee; 74, a supporting head for the squeegee; 8, means for setting the height of 
the squeegee; 71 . a magnetic p.ate which adsorbs the screen, the size of which is larger than the area where 
the squeegee scans. Asamagnetic plate usable for a printer which can beemployed as the P""^ 'he pres- 
ent inventkm, it should be good enough if only the magnetic plate provides a magnet.cforce whereby to adsorb 
the screen surface when it is separated from an object to be printed, while having a size ^ n ^^ r . 
the area where the squeegee scans. A permanent magnet or an electromagnet can boused, bu t a ^^ d 
earlier, it is preferable to adopt an electromagnet in consideration of the adjustment that may be reqwred for 
its magnetic force and other factors. In this respect, a reference numeral 72 designates the magnet* ^heao, 
and 73, means for adsorbing the screen. With this means 73 for adsorbing the screen, the heights; nd angles 
ofthe magnetic P late71andscreen3aresetNow,aref*^^^ 

as means for moving the magnet to a given position in the upper part of the screen; 11a Mure to ? the head 
rail which makes it possible for the squeegee supporting head 74 and the magnet support. n£ h«ad72to travel 
on the head rail 10. Therefore, in Fig. 8, the squeegee 7, squeegee supporting head 74, means 9 for setting 
the squeegee height, head rail 10 and means 11 for fixing the head rail constitute squeegee scann.ng means 
It is good enough if means for moving the magnetic plate and means for adsorbing the screen used for the 
screen printer of the present invention are installed in a usual mechanical precision. r™°*™* e > f ° r 
setting the position of squeegee scraperfor an ordinary screen printer is sufficiently applicable as the screen 
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head 72 and the squeegee supporting head 74 are able to scan on the head rail 10 in the directions indicated 
by arrows. Consequently, after the squeegee 7 has scanned on the screen 3 by allowing the squeegee sup- 
porting head 74 to scan, the magnet supporting head 72 scans to enable the magnetic plate 71 to descend to 
the height at which to adsorb the screen 3. With such structure, it is possible to adsorb the magnetic plate 71 

5 on the area of the screen 3 where the squeegee 7 scans. In this respect, a reference numeral 12 designates 
a table (printing stand) which adsorbs an object to be printed (not shown). At this juncture, by means for setting 
the table position (not shown), it is possible to set the gap between the table 1 2 and screen 3. With the structure 
thus arranged, the screen 3 which is integrally formed with the magnetic plate can be separated from an ob- 
ject to be printed, hence making an good screen separation possible. 

10 In this respect, while the description has been made of means for moving the magnetic plate used for the 
screen printer of the present invention, which is allowed to move in the same direction as the traveling direction 
of the squeegee shown in Fig. 8, the invention is not limited thereto, and it may be possible to adopt a magnetic 
plate which is movable in parallel to the plane of the screen or a magnetic plate which is rotative around the 
shaft 85 perpendicular to the screen surface which serves as means for moving the magnetic piate as shown 

15 in Fig. 1 1 , for example. 

Further, the present invention is not limited to the magnetic plate movable in parallel to the plane of the 
screen as described above, but, for example, a supporting member 85 for the magnetic plate supporting head 
is made means for supporting the magnetic plate as shown in Fig. 9, and then, a mode is arranged so that the 
magnetic plate moves in the direction perpendicular to the plane of the screen through such a supporting mem- 

20 ber or it may be possible to adopt a mode wherein the magnetic plate rotates around the shaft parallel to the 
plane of the screen, while arranging a hinge type supporting member 85 for magnetic plate supporting head 
as means for moving the magnetic plate as shown in Fig. 10. 

Now, the description will be made of a printing method using a contact screen printer of the present inven- 
tion. 

25 While a screen is closely in contact with an object to be printed, ink is applied onto the screen. Then a 

squeegee scans on the screen by squeegee scanning means for the formation of printing patterns of the object 
to be printed. After that, the screen is caused to move above the screen by means for moving the magnetic 
plate. Then, subsequent to the screen thus adsorbed to the magnetic plate by screen adsorbing means, the 
object to be printed and the screen adsorbed to the magnetic plate are separated. In this way, after the squee- 

30 gee has scanned, the screen is separated from the object to be printed subsequent to allowing the screen to 
be adsorbed to the magnetic plate, hence making it possible to perform the screen separation uniformly at 
least in the area including the patterns to be printed, and prevent the uneven screen separation which has been 
a problem in the conventional screen printing. In this way, ink splashing around the formed patterns and the 
pattern peeling can be avoided. Particularly, when wiring is printed on a base board (or substrate) for the for- 

35 mation of a circuit board, it is possible to avoid patterning defects that may result in wire breakage, short circuit, 
or other defects. 

Now, as a method for manufacturing a circuit board by use of a printer of the present invention, the de- 
scription will be made of methods for manufacturing an electronic source board using a surface conduction 
type electron emitting element, and for manufacturing an image formation apparatus. 

40 Figs. 12Aand 12B are views which show a typical example of a surface conduction type electron emitting 

element In Figs. 12Aand 12B, a reference numeral 201 designates a substrate; 202 and 203, element elec- 
trodes for obtaining electrical connections; 204, a conductive thin film; and 205, electron emitting portion. In 
the surface conduction type electron emitting element, the gap between the aforesaid pair of electrodes 202 
and 203 is several hundreds of angstrom to several hundreds of urn. Also, it is preferable to made the film thick- 

45 ness of the element electrodes 202 and 203 several hundreds of angstrom to several hundreds of um. For the 
conductive thin film 204, it is preferable to adopt a finely granular film formed by fine grains in order to obtain 
good electron emitting characteristics. The film thickness of the element can be determined by the step cov- 
erage to the element electrodes 202 and 203, the resistance value of the element electrodes 202 and 203, 
and other factors, but, preferably, the film thickness should be several to several thousands of angstrom. 

50 Also, the materials whereby to from the conductive thin film are metals such as Pd, Pt, Au, Ag, Ru, Ti, In, 
Cu, Cr, Fe, Zn, Sn, Ta, W, Pb, or the like; oxide such as PdO, Sn02, In203, PbO, Sb203 or the like; boride 
such as HfB2, ZrB2, LaB6, CeB6, YB4, GdB4, or the like; carbide such as TiC, ZrC, HfC, TaC, SiC, WC or the 
like; nitride such as TiN, ZrN, HfN or the like; Si, Ge and other semiconductors, and carbon. In this respect, 
the fine grains described above are meant to be a film for which a plurality of fine grains are gathered, and a 

55 film whose structure is such that not only the fine grains are dispersediy arranged individually, but also these 
grains are adjacent to each other or in a superposed state (including islands). The granular diameter of fine 
grain is several to several thousands of angstrom, and, preferably, it should be 10 to 200 angstrom. 

The electron emitting portion 205 is a high-resistive crack formed partly in the conductive thin film 204. 
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It is formed by energized forming or the like. Also, in the crack, there are included conducbwr ^ 
e era. to several thousands of angstrom grain diameter eaclv Further, the ^ 
the conductive thin film in the vicinity thereof may contain carbon or carbon compound " *T»^ se V 

In order to effectuate actual electron emission by use of this surface conduction type elect ron < *n*«nfl 
ipmLtf. it is necessary to arrange the electron emitting element in a vacuum container. A face plate having 

element formed on the substrate thus obtained, and then, a display panel is fabricated with its interior being 
eva^ThTby applying a voltage across the element electrodes, it becomes possible to perform £ te- 
^S^JLSi a Plurality of electron emitting elements, it is possible to perform an image display. 

[Embodiments] 
Embodiment 1 

Aoattern formation is executed by use of a printer shown in Fig. 1 in accordance with the present invention 
AsetS^ 

tern is such that a set of 100 urn, 300 pm, and 500 pm wide, and 30 cm long are repeated at prtches of 2.000 
urn The total area of screen pattern is 20 cm x 30 cm. ,^u„„„ , 

" saver paste of 400.000 cps ink viscosity te used for printing. The squeegee used te a P****™ flat 
squeegee Saving a hardness of 80 degree, The mesh size and wire dia meter 

three Ids of stainless steel screens whose mesh size and stainless steel Jj*^ 

urn 300 meshes. 20 urn, and 350 meshes. 16 pm. respectively. The object element to bepnntet > 

SL The printing conditions are: gap. 2 mm; press-in amount 2 mm; and squeegee speed J0C 

printing, burning is conducted at 600°C for 10 minutes. Also, suction is performed at a flow rate of 50 I l/mm at 

eahof he suction portswhilethe suction ^^^^^ZT^VSZJ^^ 

separation inthis printing is good. When the transferred patterns are observed by us 

the oatterns are transferred in a good precision all over the entire patterning area, showing a good result As 

The result is that the phenomenon of poor screen separation is observed in the central part of the screen pat 
tern. The comparative results will be shown in Table 1. 

Embodiment 2 

A printer provided with a suction port having an air inlet on its leading end as shown in F fj^j* 2 
is used in accordance with the present invention. A pattern formation is earned out as ,n me E^rtmrtl 
A sucking condition is set to allow the suction port to be closely in contact with the area n Mm» 'where 
no pattern is formed. Then the printing is performed with the suction port being dose* ' ""^"^ 
area This printing shows a better uniformity of the screen separation than that in the Embodiment ^When 
^SiSS^ are observed by use of an photo-microscope, the transfer is executed ,n a good pre- 
cision in the entire patterning area. A good result is obtained as shown in Table 1. 

Embodiment 3 

A printer provided with a rigid element as shown in Fig. 3 is used in accordance with the present invention. 
A pair" Ston is carried out as in the Embodiment 1 . The rigid element is prepared for use by two Teflon 
££?ZLd aluminum plates, each having 0.2 mm thick with a curvature rof 0.1 
ts leading end The printing is performed in such a manner thatthe separation member(ng.d element) .sfixed 
5o hafite fading end is in contact with the location 1 0 mm behind the portion where it abuts upon the screen 

w^enlhes^ians. ^itmUm^m^^^^^^^^JS^ 
Member (rigid element) are set equally. As in the Embodiment 1 . this printing shows a good separation. When 
rheTranSXaUerns are observed by use of a photo-microscope, the transfer is made in a good precision 
in the entire patterning area. A good result is obtained as shown in Table 1. 

Embodiment 4 

A printer is used in accordance with the present invention with a magnet being ^^/^^'"J 
the squeegee as shown in Fig. 5. As in the Embodiment 1. a pattern formation ,s earned out A permanen 
magnet of 800 gauss is employed. In this printing, too, the screen separation is good as m the Embodiment 
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1. When the transferred patterns are observed by use of a photo-microscope, the transfer is made in a good 
precision in the entire patterning area. A good result is obtained as shown in Table 1. Also, instead of the per- 
manent magnet, an electromagnet is used. A printing is performed in the same manner as described above 
while adjusting the magnetic force by means for applying voltage. A good result is obtained as in the case of 
5 using the permanent magnet. Since the magnetic force is finely adjustable when the electromagnet is used, 
it is possible to execute the gap adjustment with ease. 

Embodiment 5 

w A printing is carried out in the same manner as the Embodiment 1 to Embodiment 3 with the exception of 
nylon meshes used instead of the stainless meshes. It is possible to obtain the same result as in the Embodi- 
ments 1 to 3. 

Embodiment 6 

15 

The printers employed for the Embodiment 1 to Embodiment 5 are used for fabricating an electron source 
and image formation apparatus by use of each printer, respectively. In conjunction with Fig. 13, this embodi- 
ment will be described. 

A reference numeral 201 designates a formed by soda lime glass. After a thin metallic film is formed by 
20 sputtering, element electrodes 205 and 206 are formed by photoetching. The material is Ni thin film of 100 nm 
thick with Ti of 5 nm thick used as its under coating layer. In this respect, the gap between element electrodes 
is 2 nm, the length of the element electrode 205 is 200 pm, and that of the element electrode 206 is 300 jum 
(see Fig. 13A). 

Then, using silver paste a lower wiring (wiring in the line direction) 236 is formed by a printing method in 
25 order to make the element electrodes 205 and 206 connectable. These are treated by burning (at a burning 

temperature of 550°C for approximately 15 minutes as its peak holding time). The silver paste used here is 

the same one used for the Embodiments 1 to 5. The width of the wiring is 100 yaw. The thickness thereof is 

approximately 10 urn (see Fig. 13B). 

Then, an insulating film 250, whose main component is glass, is formed by burning after printing. This is 
30 a strip type insulating layer, intersecting the lower wiring (wiring in the line direction) 236. This layer is provided 

with a cut through which it connects electrically with an upper wiring (wiring in the column direction) and the 

element electrode 206. The paste material for the insulating film is mainly a PbO paste mixed with glass binder. 

The burning temperature is 550°C. The peak holding time is 15 minutes. This step of forming the insulating 

film is repeated twice (see Fig. 13C). 
35 Then, an upper wiring (wiring in the column direction) 235 is formed on the insulating layer 250. The upper 

wiring is a stripe type pattern formed to be electrically connected with the element electrode 206. the upper 

wiring is formed in the same way as the lower wiring. Its width is 300 urn, and thickness is 10 urn (see Fig. 

13D). 

Subsequently, a conductive thin film (thin film including the electron emitting portion) 204 is formed in 
40 such a manner that a thin film is formed by Pd fine grains in a thickness of 20 nm, which is burned after an 
organic metallic solution (ccp 4230 manufactured by Okuno Pharmaceutical Co.,Ltd.) is coated on it, and then, 
patterned by the application of photolithography. During these steps of processing, the upper wiring, interlayer 
insulating layer, and lower wiring are formed by use of the printer adopted in the Embodiments 1 to 5. On the 
electron source thus fabricated, 100 upper wiring and 100 lower wiring are arranged in matrix through the in- 
45 terlayer insulating layer. This board is provided with 10,000 surface conduction type electron emitting ele- 
ments. 

An image formation apparatus is fabricated by the application of a method similar to the one disclosed in 
Japanese Patent Laid-Open Application 6-342636 using a face plate having an outer frame, fluorescent ele- 
ment, and others formed on it, and the electron source prepared to assemble them together with the provision 
so of driving circuit therefor. With this apparatus, it is possible to obtain good images. 

Embodiment 7 

Now, in conjunction with Fig. 8, the description will be made of a contact printing (non snap-off) by use of 
55 a printer of the present invention. 

A stainless screen of 230 meshes is used. This screen is the same as the one used for the pattern formation 
in the Embodiment 1. A squeegee is a flat type formed by polyurethane having a hardness of 80 degrees, and 
sliver paste used is, also, of 400,000 cps. 
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The printing conditions are: gap is zero mm and the printing portions are closely in contact press-in amount 
is 1 mm; and squeegee scanning speed is 100 mm/s. Also, the magnet used is of a flat type, which is a per- 
manent magnet whose magnetic force is 500 gauss. Under these conditions, the scanned area of the screen 
is adsorbed by means of a magnetic plate for screen adsorption after the squeegee has scanned. Then, the 

5 stage is slowly lowered at 0.1mm/s. The screen separation is performed uniformly on the entire surface of an 
object to be printed. When the patterns thus transferred are observed by use of an photo-microscope, it is as- 
certained that the transfer is performed in a good precision in the entire patterning area. A good result is ob- 
tained. In a case where no magnet is used, the screen separation is slightly poor in the central part of the 
screen. Also, instead of the permanent magnet, an electromagnet is used for printing in the same manner. While 

w the electromagnet is being placed closely to the screen, such an approach can be executed while turning off 
the power source for the electromagnet, thus making it easier to complete its close contact. 

Embodiment 8 

15 Using a printer shown in Fig. 9 a printing is executed as in the Embodiment 7. 

In Fig. 9, a reference numeral 13 designates a supporting member for the magnetic plate supporting head 
which is a rail for the magnetic plate to move vertically with respect to the plane of the screen. As in the Em- 
bodiment 6, the magnet supporting head 5 is allowed to descend along the supporting member 1 3 by means 
of a driving mechanism (not shown) after the squeegee has scanned, and then, the magnetic plate 4 is allowed 

20 to approach the screen 3 and is in closely contact with it After the magnetic plate is in close contact, the screen 
separation is operated as in the Embodiment 7. The pattern transfer is executed as good as the Embodiment 
7. 

Embodiment 9 

25 

A printing is executed in the same manner as the Embodiment 7 with the exception of a printer used, which 
is shown in Fig. 10. 

In Fig. 10, a reference numeral 14 designates a hinge type supporting member for magnetic plate sup- 
porting head, which enables the magnetic plate 4 to be in parallel with the plane of the screen when the mag- 
30 netic plate is allowed to rotate around the shaft parallel to the plane of the screen. After the magnetic plate 4 
is in closely contact with the screen 3, the screen separation is operated as in the Embodiment 7. The patterns 
are transferred as good as in the Embodiment 7. 



35 



Embodiment 10 

A printing is executed as in the Embodiment 7 with the exception of a printer used, which is shown in Fig. 
11. 

In Fig. 11, a reference numeral 15 designates a supporting member for magnetic plate supporting head 
which is a shaft planted vertically with respect to the plane of the screen. The magnetic plate 4 is allowed to 
40 rotate around this shaft in a plane which parallel to the plane of the screen, thus moving the plate above the 
screen to be in a state parallel to the screen surface. After the magnetic plate 4 is closely in contact with the 
screen 3, the screen separation is operated as in the Embodiment 7. The patterns are transferred as good as 
in the Embodiment 7. 

45 Embodiment 11 

Using printers shown in the Embodiments 7 to 10 electron source and image formation apparatuses are 
fabricated as in the Embodiment 6. It is possible to provide both electron source and image forming appara- 
tuses as good as those fabricated in the Embodiment 6. 

so 
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© : Excellent 
O : Good 
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35 Claims 

1 . A screen printer provided with a printing table for setting an object to be printed, a screen, and a squeegee, 
said squeegee being arranged on said object to be printed set on said printing table through said screen, 
and depending on the patterns set on said screen, ink patterns being formed on said object to be printed 

40 by allowing said squeegee to move in a state that the squeegee is in contact with ink, said printer com- 

prising: 

means for applying external force movably arranged with respect fe/said screen, said applying 
means being capable of applying an external force in the direction of offsetting the adhesive strength of 
ink between said screen and said object to be printed. 

45 

2. A screen printer according to Claim 1 , wherein said means for applying external force is movable by being 
interlocked with said squeegee. 

3. A screen printer according to Claim 1, wherein said means for applying external force is movable sut>- 
50 stantially in parallel with the plane of said screen. 

4. A screen printer according to Claim 1, wherein said means for applying external force is movable in the 
direction substantially perpendicular to the plane of said screen. 

55 5. A screen printer according to Claim 1, wherein said means for applying external force is rotative around 
a shaft substantially perpendicular to the plane of said screen. 

6. A screen printer according to Claim 1, wherein said means for applying external force is rotative by use 
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of hinges. 

7 A screen printer according to Claim 1 , wherein the mesh size of said screen is 300 meshes or more, and 
the wire diameter of wires for use of the meshes is 20 urn or less. 

8 A screen printer according to Ciaim 7. wherein the mesh size of said screen is 350 meshes or more, and 
the wire diameter of wires for use of the meshes is 16 urn or less. 

ranged in the area other than the screen patterning area. 
10. Ascrcenprinteraccortingto^ 

11 A screen printer according to Claim 1 . wherein said means for applying external force is P^with a 
ISty ofTgid elements! sakl rigid elements being arranged to be inserted between said screen ,n the 
area other than the screen patterning area and an object to be printed. 

1Z A screen printer according to Claim 1 , wherein said means for applying external force is a magnet, and 

said screen is formed by a magnetic material. 
13. Ascreen printer according to Claim 12, wherein the area of said magnet is greaterthan the scanning area 

of the squeegee. 

14 Ascreen printer according to Claim 12, wherein said magnet is an electromagnet, 
lowing steps of: 

formina said ink patterns by allowing said squeegee to travel, and 

ZSZ ^exterl force tor separating said screen from said object to be printed by means for 
applying external force arranged in a position shiftable with respect to said screen. 

16. Ascreen printing method according to Claim 15, wherein said step of forming ink patterns and said step 
of applying external force are performed at a time. 

17. Ascreen printing method according to Claim 15. wherein said step of forming ink patterns is performed 
after the execution of said step of applying external force. 

18. Asc^enprintingmethodaccordingtoO^ 

is a position shiftable by being interlocked with said squeegee. 

19. Ascreen printing method according to Claim 15. wherein said ink patterns are partly a circuit pattern. 

20. Ascreen printing method according to Claim 19. wherein sakJ circuit pattern is a circuit pattern including 
wiring. 

21. A method for manufacturing an electron source including the processing steps of printing method accord- 
ing to Claim 19. 

22. AmethodformanufacturinganinTageformingapparatusindudingtheprocessingste 
according to Claim 19. 

23. An image forming apparatus formed by use of the method according to Claim 22. 

24. Screen printing apparatus comprising means (13.27) for separating the screen (3) ™" 
dium (1 6) which separating means move in unison with means (7) for applying the printing ink. 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6B 
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FIG. 8 
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FIG 12 A 
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FIG. 13 A 
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FIG. 74 
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